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Introduction: This study was designed to describe the time-course and microbiology of colonization of open abdomen
in critically ill surgical patients and to study its association with morbidity, mortality and specific complications of open
abdomen. A retrospective cohort analysis was done.
Methods: One hundred eleven consecutive patients undergoing vacuum-assisted closure with mesh as temporary
abdominal closure method for open abdomen were analyzed. Microbiological samples from the open abdomen were
collected. Statistical analyses were performed using Fisher’s exact test for categorical variables. Mann-Whitney U test was
used when comparing number of temporary abdominal closure changes between colonized and sterile patients.
Kaplan-Meier analysis was done to calculate cumulative estimates for colonization. Cox regression analyses were
performed to analyze risk factors for colonization.
Results: Microbiological samples were obtained from 97 patients. Of these 76 (78 %) were positive. Sixty-one (80 %)
patients were colonized with multiple micro-organisms and 27 (36 %) were cultured positive for candida species. The
duration of open abdomen treatment adversely affected the colonization rate. Thirty-three (34 %) patients were
colonized at the time of laparostomy. After one week of open abdomen treatment 69, and after two weeks 76 patients
were colonized with cumulative colonization estimates of 74 % and 89 %, respectively. Primary fascial closure rate was
80 % (61/76) and 86 % (18/21) for the colonized and sterile patients, respectively. The rate of wound complications did
not significantly differ between these groups.
Conclusions: Microbial colonization of open abdomen is associated with the duration of open abdomen treatment.
Wound complications are common after open abdomen, but colonization does not seem to have significant effect on
these. The high colonization rate described herein should be taken into account when primarily sterile conditions like
acute pancreatitis and aortic aneurysmal rupture are treated with open abdomen.
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The management of several acute surgical conditions
with open abdomen (OA) has become more accepted
and widely used [1]. More recently, this strategy has
been applied to the treatment of critical surgical illnesses
such as secondary peritonitis and severe acute pancreatitis
with the aim of preserving intra-abdominal circulation
and viability of the abdominal organs [2–5]. OA or lapar-
ostomy often serves as a life-saving intervention to treat
or prevent abdominal compartment syndrome (ACS) or
intra-abdominal hypertension (IAH) [6–8]. Nevertheless,* Correspondence: rasilainensuvi@gmail.com
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creativecommons.org/publicdomain/zero/1.0/OA is associated with increased risk of complications,
such as enteroathmospheric fistulae (EAF) [9–11], intra-
abdominal sepsis or abscesses, wound complications and
incisional hernias [12, 13]. In critically ill surgical patients,
infective complications associated with OA are more fre-
quent than with trauma patients [14]. The most effective
strategy to reduce the risk of complications is to achieve
primary fascial closure as soon as possible [15].
Temporary abdominal closure (TAC) methods have be-
come more sophisticated and several recent studies have
confirmed the benefits of negative pressure wound ther-
apy systems to achieve primary fascial closure [16–18].
Combining the vacuum effect with mechanical traction
using a temporary mesh (vacuum-assisted closure withs article distributed under the terms of the Creative Commons Attribution
by/4.0), which permits unrestricted use, distribution, and reproduction in any
ly credited. The Creative Commons Public Domain Dedication waiver (http://
) applies to the data made available in this article, unless otherwise stated.
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closure rates of about 90 % [19–21].
The rate and timing of microbial colonization of the
open abdomen is not known. It has previously been sug-
gested that negative-pressure wound therapy would have
an antimicrobial effect when treating severe peritonitis
with OA [22, 23]. In addition, a recent review suggested
that this therapy has a favorable anti-inflammatory role
in OA after ACS [24].
This study was designed to describe the time-course
and microbiology of colonization of the open abdomen
in critically ill surgical patients treated with VACM as
the TAC method. Furthermore, the implications of
colonization of the OA on morbidity, mortality and the
specific complications of OA were studied.
Material and methods
This is a retrospective analysis of hospital records of 111
consecutive patients treated at a single institution for
OA using the VACM as the TAC method. The study
period was about 5 years, from July 2008 until June
2013. The study was conducted in accordance with the
principles of the Declaration of Helsinki. The institu-
tional review board of hospital approved the protocol.
Definitions and procedures
Prophylactic OA was used for the indications described in
our previous study [21], i.e. in anticipation of high risk for
the development of IAH or ACS with fascial closure at the
initial laparotomy or planned relaparotomy.
Intra-abdominal pressure (IAP) was measured by the
Foley bladder-catheter manometer technique (Holtech
Medical, Charlottenlund, Denmark). ACS was defined as
IAP over 20 mmHg with simultaneous new organ dys-
function [25].
The VACM method has been described previously
[19, 21]. Briefly, a commercially available vacuum-
assisted wound closure system was used (V.A.C.® Ab-
dominal Dressing System; KCI, San Antonio, Texas,
USA). First, the viscera were covered with a perforated
polyethylene sheet followed by the suturing of an oval-
shaped polypropylene mesh to the fascial edges. The
mesh was then covered with a polyurethane sponge. Fi-
nally, an occlusive film was applied on top, perforated
locally in the middle, and linked to a suction device to
create continuous negative pressure. TAC changes were
performed every two to three days. Except for three pa-
tients, all dressing changes were performed in the oper-
ating theatre. At the first TAC change, the mesh was
divided in the midline and tightened with continuous
suture after inserting a new inner polyethylene sheet.
The fascia was closed when tension-free closure was
considered possible. The closure was performed with
either interrupted 1-Vicryl (Ethicon, Johnson&Johnson,Somerville, New Jersey, USA) sutures or continuous 1-
PDS (Ethicon, Johnson&Johnson).
The antimicrobial treatment of patients with OA is im-
plemented in accordance with their diagnosis. According
to our clinical protocols and unless contraindications, pa-
tients with ruptured abdominal aortic aneurysm (RAAA/
AAA) or severe acute pancreatitis (SAP) are primarily
treated with prophylactic i.v. cefuroxime. Patients with
peritonitis get an empiric combination of i.v. cefuroxime
and metronidatsole.
Wound complications
All postoperative wound complications were analysed.
These included superficial infections treated with leaving
the skin open at the fascial closure or by reopening the
skin for superficial lavage. Deeper infections with intra-
abdominal abscesses were separately analysed. Fascial
ruptures, either partial or of full wound length, after suc-
cessful primary fascial closure were studied.
Microbiological analysis
Samples for bacterial and fungal cultures from the sur-
face of the viscera and deeper intra-abdominal areas
were collected from 97 of the 111 patients during the
TAC changes. Most patients had several samples taken
at consecutive TAC changes. A semiquantitative analysis
was performed for all samples. The colonization was
considered multi-microbial if the cultures turned posi-
tive for more than one pathogen at any time-point dur-
ing the OA treatment.
Statistical analysis
Statistical analyses were performed using Fisher’s exact
test for categorical variables. Mann-Whitney U test was
used when comparing number of TAC changes between
colonized and sterile patients. Kaplan-Meier analysis was
done to calculate cumulative estimates for colonization.




A total of 120 critically ill surgical patients were treated
with OA between July 2008 and June 2013. Nine of these
were managed mainly with a plastic silo (Bogota Bag) or
commercial VAC without mesh as the TAC method, and
were excluded. The remaining 111 patients treated with
VACM as the TAC method were included in the ana-
lysis. The indications for OA included ACS, IAH, inabil-
ity to close the abdomen mostly due to intra-abdominal
swelling and/or bowel dilatation, and prophylactic OA
as described above. Detailed patient characteristics are
summarized in Table 1.
Table 1 Patient characteristics
Age years (mean, range) 60,1 (22-88)
Sex ratio (male) 77 (69.4 %)
Diagnosis
Severe acute pancreatitis 19 (17.1 %)
Peritonitis 38 (34.2 %)
AAA/RAAA/aortic dissectionϕ 28 (25.2 %)
Other* 26 (23.4 %)
Indication for laparostomy
ACS$ 38 (34.2 %)
Inability to close the abdomen 36 (32.4 %)
Prophylactic 31 (27.9 %)
IAH£ 6 (5.4 %)
ϕAAA = abdominal aortic aneurysm, RAAA = ruptured abdominal
aortic aneurysm
*Other dg included: bowel ischemia (3), ileus (4), incarserated hernia (2), fascial
dehiscence (3), postoperative hemorrage or abdominal trauma (7), other
infection (5: sepsis, botulinism, salmonella, aortic prosthesis infection),
pancreatitis after organ transplantation (1), metastatic hemoperitoneum (1)
$ACS = abdominal compartment syndrome
£IAH = intra-abdominal hypertension
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Ninety-seven of the 111 patients had samples taken for
bacterial and fungal cultures from the OA. Seventy-six
(78 %) patients had positive bacterial culture at least in
one sample. Sixty one (80 %) were colonized with mul-
tiple micro-organisms and 27 (36 %) were cultured posi-
tive for candida species. The median time to
colonization from laparostomy was two days. The dur-
ation of the OA adversely affected the colonization rate.
Thirty-three (34 %) patients were colonized at the time
of laparostomy. After one week and two weeks with OA,
69 and 76 patients were colonized with cumulative
colonization estimates of 74 % and 89 %, respectively
(Fig. 1). Both patients with SAP or RAAA/AAA were sig-
nificantly less primarily colonized (p = 0.001 and p = 0.002,
respectively) compared to the overall study population. In-
stead, patients with peritonitis had a significantly greater
amount of primary colonization (p = 0.001). Figure 2
shows Kaplan-Meier curve of appearance of new microbes
after beginning of open abdomen treatment.
Cox regression analysis was performed to study poten-
tial risk factors of colonization of the open abdomen.
Table 2 shows that other diagnosis than RAAA/AAA
had significantly higher risk for colonization during OA
treatment. Also, patients with positive intra-abdominal
culture taken during the first laparotomy had signifi-
cantly lower risk for additional colonization during the
TAC treatment (Table 3).
Gram-positive cocci (56/76, 74 %) and Gram-negative
bacilli (36/76, 47 %) species were most frequently found in
the colonized open abdomens. In detailed analysis of pa-
tients with peritonitis (N = 37), we detected the spectrumof colonizing microbes to change in 16 cases. The new
microbes found at later TAC changes mostly repre-
sented candida species, enterococci (mostly faecium)
and staphylococcus epidermidis. The spectrum of path-
ogens represented by the colonized patients is pre-
sented in Table 4.
Primary fascial closure
Eighty-three out of 97 patients (86 %) with bacterial sam-
ples taken survived to abdominal closure. Sixty-five (78 %)
of these patients were colonized with micro-organisms.
Fourteen patients died with open abdomen. Among them
the colonization rate was similar 11/14 (79 %), p = 1.00.
Seventy-nine of the 83 surviving patients (95 %)
achieved primary fascial closure. Among patients with
colonization and surviving to abdominal closure (n = 65)
the fascia was successfully closed in 61 (92 %) patients,
whereas fascia was successfully closed in all 18 patients
with sterile abdomen (p = 0.572). All four patients with
unsuccessful primary fascial closure were colonized with
multiple micro-organisms. A median of 4 (IQR 2-5.5,
range 1-19) TAC changes were needed to achieve suc-
cessful primary closure among the colonized patients,
while 3 (IQR 2-4, range 1-6) changes were sufficient in
the group of sterile patients. (p = 0.120).
Morbidity
Fascial dehiscence and wound complications
Fascial dehiscence after successful primary fascial clos-
ure was observed in 7 % (4/61) of the colonized patients.
1 out of 18 patients (6 %) with sterile open abdomen
had fascial rupture (p = 1.000). Three of these were par-
tial (the sterile patient and two colonized patients) and
two (both colonized) had a full-length fascial rupture.
Fifteen of the 61 patients (25 %) with successful primary
fascial closure of a colonized open abdomen developed a
wound complication, and the wound complication rate in
patients colonized with multiple micro-organisms was
similar, 29 % (14/48). In contrast, in the group of patients
with sterile open abdomen, 3 out of 18 (17 %) patients
were diagnosed with a wound complication after closure
(p = 0.750). Three out of 61 patients (5 %) with colonization
developed a deep intra-abdominal abscess after successful
primary fascial closure.
Enteroatmospheric fistula (EAF)
Thirteen patients developed an EAF. In 11 patients the
colonization was detected at a median of 8 days (range
2–16) before the development of an EAF, whereas in
two patients colonization of the OA occurred after the de-
tection of EAF. Thus, the rate of EAF was 15 % (11/74)
among the colonized and 9 % (2/23) among the sterile
patients (p = 0.727).
Fig. 1 A Kaplan-Meyer plot for colonization of the open abdomen. The time point of the last and negative microbial sample is marked with a
plus sign (=censored)
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patients, who developed an EAF. In contrast, patients
without EAF underwent three (median) TAC changes
during the OA treatment, (p = 0.073). The duration of
primary ICU stay (8 vs 12 days, median) and the re-
admission rate (15 % vs. 14 %) were similar for patients
with or without an EAF, respectively.
Specifically, 7 of the 28 patients with acute aortic path-
ology treated with open abdomen developed an infective
complication (3/7 EAF, 2/7 prosthesis infection and 2/7
both). All were detected in colonized open abdomens.
All five patients with an EAF died during the same
hospitalization period. The two patients with a chronic
prosthesis infection survived.
Mortality
Thirty-one of 97 patients (32 %) with available microbio-
logical samples died during their hospital stay period.
Fourteen patients (45 %) died before abdominal closure.
The in-hospital mortality rate of patients with colonized
or sterile OA was 27 % (21/76) and 48 % (10/21), respect-
ively (p = 0.112). Three out of 10 (30 %) of the sterile pa-
tients and 11/21 (52.4 %) of the colonized patients died
with OA, p = 0.280. The higher mortality among the ster-
ile patients is explained by the uneven distribution of diag-
noses between the groups. Only 7/36 patients (19 %) with
peritonitis died during the same hospitalization periodcompared with 11/20 patients (55 %) with acute aortic
pathology (p = 0.015). There were no patients with sec-
ondary peritonitis in the sterile group. Instead RAAA pa-
tients represented 50 % of deaths in the sterile group.
Discussion
The decision to treat a patient with open abdomen is
often of forced or life-saving nature [7]. The duration of
the OA plays a key role in the development of the
known complications of this therapy. In general, the
shorter the period of OA, the fewer are the complica-
tions [16]. The goal is to achieve rapid primary closure
of the fascia [26]. As reported previously, the vacuum
assisted closure with mesh (VACM) is a safe and effi-
cient method to temporally cover the abdominal con-
tents and to achieve primary fascial closure during the
same hospitalization period [19–21]. The VACM method
was used in the present study and the overall rate of pri-
mary fascial closure (81 %) reached the same level as in
earlier studies.
Time spent with OA also predisposes the patient to
microbial colonization. Although covered with occlusive
negative pressure dressings, the laparostomy wound cre-
ates a potential route for pathogens to enter the abdom-
inal cavity. In a recent study Pliakos et al. [27] showed in
39 patients with severe abdominal sepsis treated with
open abdomen and VAC that 54 % of the patients
Table 3 Risk factors for colonization of open abdomen with
new pathogens*
Fig. 2 A Kaplan-Meyer plot for the cumulative colonization of new microbes during the TAC treatment. The time point of the last and negative
microbial sample is marked with a plus sign (=censored)
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ing the VAC-treatment. We observed a similar trend
with 34 % of patients being colonized at the primary
laparostomy and 89 % after two weeks of OA treatment,
although a significant number of our patients had ini-
tially a non-contaminated surgical field. Patients, with
RAAA/AAA had significantly lower risk for colonization
than patients with other diagnosis. This may indicate
that intestinal pathology and acute pancreatitis could
predispose to translocation of intestinal bacteria into
open abdomen. Patients, with primary colonization had
significantly lower risk for acquiring new microbes into
open abdomen. This may be related to administration of
broad-spectrum antibiotics in these patients.Table 2 Risk factors for colonization of open abdomen*
Hazard ratio 95 % CI p-value
Diagnosis
Aortic pathology reference
SAP£ 2.4 1.01–5.82 0.048
Peritonitis 5.8 2.10–16.23 0.001
Other diagnosis 3.3 1.30–8.44 0.012
*Patients without primary colonization (n = 64) were included. Preoperative
abdominal compartment syndrome and diagnosis were included in backward
stepwise Cox regression analysis
£SAP = severe acute pancreatitisIn our study the TAC changes were predominantly per-
formed under sterile operation room conditions. In
combination with the disease-altered physiology, fluid
resuscitation and invasive monitoring, the patient is at in-
creased risk to be colonized with micro-organisms via sev-
eral routes. The positive correlation between the duration
of the OA and its microbial colonization reported in this
study was also shown by Pliakos et al as a significant asso-
ciation of increased incidence of hospital-acquired periton-
eal infection with the length of OA treatment, intensive
care unit stay and overall hospitalization. In addition, ourHazard ratio 95 % CI p-value
Diagnosis 0.005
Aortic pathology reference
SAP£ 2.15 0.92–5.04 0.077
Peritonitis 5.69 2.18–14.84 <0.001
Other diagnosis 2.79 1.14–6.84 0.025
Primary colonization 0.068 0.023–0.20 <0.001
*All patients with at least one follow-up culture during open abdomen were
included (n = 91). Preoperative abdominal compartment syndrome, primary
colonization and diagnosis were included in backward stepwise Cox
regression analysis
£SAP = severe acute pancreatitis
Table 4 Bacterial and fungal cultures
Number Percentage of colonized
patients (76)
Gram-negative bacilli 43 57
E. coli 21 28
Pseudomonas aeruginosa 10 13
Klebsiella pneumoniae 7 9
Klebsiella oxytoca 4 5
Morganella morganii 3 4
Stenotrophomonas maltophilia 5 7
Enterobacter cloacae 6 8
Proteus vulgaris 1 1
Serratia marcescens 2 3
Serratia liquefaciens 1 1
Burkholderia cepacia 1 1
Gram-positive cocci 54 71
Enterococcus faecalis 24 32
Enterococcus faecium 33 43
Staphylococcus epidermidis 15 20
Staphylococcus haemolyticus 5 7
Coag.neg. staphylococcus 22 29
Streptococcus viridans 2 3
Enterococci (unspecific) 2 3
Gram-positive bacilli 8 11
Bacillus cereus 5 7
Clostridium species (unspecific) 1 1
Clostridium perfringens 2 3
Lactobacillus 1 1
Fungi 27 36
Candida albicans 24 32
Candida glabrata 6 8
Candida dubliensis 2 3
Candida crusei 1 1
Geotrichum candidum
Anaerobes 19 25
Bacteroides fragilis 13 17
Gram-positive bacilli 3 4
Gram-negative bacilli 2 3
Difteroid 4 5
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ber of TAC changes.
As pointed out by Pliakos et al., and also showing a
trend in this study, microbial colonization reduces the
chances of delayed primary fascial closure. We also ob-
served that colonization is associated with an elevated rate
of fascial dehiscence and increased number of wound
complications after successful primary fascial closure.These adverse effects were most frequent in patients colo-
nized with multiple micro-organisms. However, these dif-
ferences did not reach statistical significance.
The spectrum of colonizing microbes is extensive, and
albeit important, it is sometimes challenging to identify
the potentially clinically harmful pathogens. In a review by
Solomkin and Mazuski [28] the authors point out that the
consequences of treatment failure of a severely septic ab-
domen and of hospital-acquired intra-abdominal infec-
tions might be more significant compared to milder
infections and thus recommend empiric use of broad
spectrum antibiotics. More resistant flora predominate in
hospital-acquired intra-abdominal infections. These in-
clude Enterococci, E. coli, Proteus species, Klebsiella,
Ps. aeruginosa, Enterobacter species and Candida spe-
cies [29, 30], all of which were detected as colonizing
pathogens also in the present study. Pliakos et al
showed predominance of intestinal bacteria in the OAs
of patients treated for peritonitis [27] many of these
also belonging to the previously mentioned families of
resistant microbes. In particular, postoperative isolation
of Enterococci, observed as the most commonly cul-
tured pathogens from the OAs in the present study,
has been associated with treatment failure and death
[31, 32]. Furthermore, patients with hospital-acquired
intra-abdominal infections and especially with postop-
erative infections have been reported to be at increased
risk for Candida peritonitis [33]. In this study Candida
species were observed in 33 % of the colonized patients
confirming the vulnerability of the critically ill surgical
patients to fungal infections.
Pathologic processes leading to OA mostly represent
severe, catabolic conditions [34, 35] that reduce the pa-
tients’ resources to combat not only against infective but
also against mechanical challenges. These include de-
creased tolerance for repeated operative management,
which was recently evidenced in a study on 517 trauma
patients treated for OA. They reported that an increas-
ing number of abdominal re-explorations independently
predict the occurrence of fistula and other infective
complications [36]. We observed a similar phenomenon
in our material of critically ill surgical patients of whom
13 developed an EAF, all of which had undergone more
operations than patients without fistula. Although EAFs
developed more often into colonized than into a sterile
OAs, the difference was not statistically significant.
In view of the morbidity associated with OA, it is im-
portant to emphasize that reducing the need for OA by
using all conservative means to reduce intra-abdominal
hypertension as outlined in the consensus statement of
the World Society of the Abdominal Compartment Syn-
drome [37] including percutaneous drainage of ascites
should be exhausted before surgical decompression and
OA. In addition, minimizing operation time, monitoring
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citation at index operation help to reduce tissue edema
and the need for OA.
In contrast to complicated intra-abdominal infections,
severe acute pancreatitis and acute aortic pathology rep-
resent primarily sterile conditions often managed with
OA in order to avoid or treat ACS. Nonetheless, infect-
ive complications of OA have been described in these
patients. Sörelius et al recently published a subgroup
study based on their former work of 30 patients treated
with OA after repair of elective or ruptured AAA [38].
Two patients developed an EAF, two were diagnosed
with a prosthesis infection and one with an aorto-enteric
fistula. Patients with aortic pathology, especially acute
aneurysmal rupture, often require extensive fluid resus-
citation both pre- and postoperatively. This issue was
also studied by Bradley et al. in 517 trauma patients
[36]. They concluded that large-volume fluid resuscita-
tion independently predicts the development of infective
complications including EAF. In our material, all infect-
ive complications (EAFs and prosthesis infections) devel-
oped into colonized open abdomens. All five patients
with an EAF died during the same hospitalization period
and the two patients with a chronic prosthesis infection
survived. These mortality figures are in line with those
published by Sörelius et al [38] and highlight the severity
of the infectious complications in this patient group. In
the present study, no EAFs were detected among pa-
tients with SAP, but two pancreatic fistula developed
later on and both for patients with colonized OA. Thus,
collection of microbial samples from the OA and strict
follow-up of infection parameters could be useful in pre-
dicting the development of both acute devastating and
chronic complications. Similar follow-up measures were
discussed and recommended by Solomkin and Mazuski
[28] in the treatment of intra-abdominal sepsis.
Conclusions
In conclusion, colonization of OA is associated with the
duration of the OA treatment. It may adversely affect
the primary fascial closure rate and is associated with
the development of infective complications in critically
ill surgical patients. Negative-pressure TAC therapy does
not seem to protect patients from bacterial growth in
the OA cavity. A high risk of colonization should be
taken into account when treating primarily sterile condi-
tions like acute pancreatitis and aortic aneurysm repair
with OA.
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